Purpose Large medical record databases facilitate epidemiology research in fracture. However, the validity of fracture in the databases is needed to ensure the reliability of data. We aimed to assess the validity of International Classification of Diseases, 9th Revision (ICD-9) code algorithms for identifying major osteoporotic fracture in the Clinical Data Analysis and Reporting System (CDARS) in Hong Kong. Methods The CDARS is a database developed by the Hong Kong Hospital Authority for research purpose. We used ICD-9 code algorithm for identifying major osteoporotic fracture, including vertebral fracture, humerus fracture, forearm/wrist fracture, and hip fracture, in CDARS in [2005][2006][2007][2008][2009][2010][2011][2012][2013][2014][2015][2016]. As high positive predictive value (PPV) is critically important in epidemiology research, we sought to determine the PPV of fracture diagnostic code in terms of ICD-9 relative to the radiography imaging and clinical notes. A total of 380 major osteoporotic fracture cases (vertebral fracture: 101 cases; humerus fracture: 81 cases; forearm/wrist fracture: 94 cases; and hip fracture: 104 cases) were randomly selected and validated. Results In 380 fracture cases, the overall PPV was 96.8%. In subgroup analysis, PPV of 100% was observed for hip, humerus, and forearm/wrist fractures, whereas PPV of 86% was observed for vertebral fracture. Conclusions The use of ICD-9 code algorithm to identify major osteoporotic fracture in CDARS is a valid tool with a very high PPV. However, cautious interpretation is required when the study focuses on incident vertebral fracture.
INTRODUCTION
Osteoporosis is a prevalent disease worldwide that affects approximately 200 million women worldwide. The clinical outcome of osteoporosis is fracture, which is associated with increased risk of limited mobility, morbidity, and mortality, posing huge burden on the public healthcare system. It has been estimated that one in three women and one in five men aged over 50 years will experience osteoporotic fractures worldwide, 1,2 making the identification of risk factors of fracture an important public health issue. Such issue is particularly of concern in East Asia as the population aged over 60 years has an exponential increase in recent years, leading to a projection of high annual incidence of fractures in near future. 3 The use of various classes of medication has been identified as a risk factor for fracture. Using large databases, a number of pharmacoepidemiology studies showed that medications, such as antidiabetic 4 and antihypertensive 5 drugs, are associated with fracture risk, demonstrating the importance of utilizing databases in pharmacoepidemiology study of fracture. However, outcome (i.e. fracture) misclassification can affect study validity; it is therefore important to determine the accuracy of outcome identification in the database.
The Clinical Data Analysis and Reporting System (CDARS) is a database developed by the Hong Kong Hospital Authority (HA), a publicly funded primary, secondary, and tertiary healthcare provider that consists of 37 hospitals. The database has been established for research purpose and contains medical information, including patient demographics, details on admission, diagnosis, and prescription and laboratory test, recorded in HA since 1993. All the diagnoses are coded by International Classification of Diseases, 9th Revision (ICD-9). The database captures more than 90% of Hong Kong population, 6 which serves as an excellent data source for population-based observational studies. 7, 8 In this study, we aimed to validate the use of ICD-9 code to identify major osteoporotic fracture in the CDARS.
MATERIALS AND METHODS

Study site
The study was conducted in Queen Mary Hospital, an acute hospital located in Hong Kong West district. Queen Mary Hospital is a teaching hospital for the Li Ka Shing Faculty of Medicine of The University of Hong Kong as well as a territory-wide tertiary and quaternary referral center for advanced medical service.
Identification of cases
Patients who were admitted to the Queen Mary Hospital with ICD-9 codes for spine fracture (805), humerus fracture (812), forearm/wrist fracture (813-814), or hip fracture (820) from 1 January 2005 to 28 February 2016 were identified from the database. Outpatients and emergency room cases were not included as it is not mandatory, in local practice, for clinicians in outpatients and emergency rooms to enter the diagnosis codes into the electronic system. The ICD-9 codes were selected based on previous literatures 9, 10 and clinical advice from coinvestigators. The ICD-9 codes for pathologic fracture were not included in this study as pathologic fractures were mainly caused by cancer, bone diseases, or infections and many studies on epidemiology of osteoporotic fractures excluded pathologic fractures. 11, 12 If the patient had multiple admissions of the same fracture site during the study period, only the first admission was included. Cases were excluded if medical information was not completed for validation. During the 12-year study period, a total of 11 509 cases were identified from the database.
Because it is not feasible to review all cases, a sample of cases (around 80-100 cases per each site) was randomly selected from the patient lists.
Validation of cases
To validate fracture cases, patient demographics (age and sex), admission date, physician documentation, clinical examination reports, and imaging reports were reviewed from electronic medical record system or medical charts. Three physicians (J. K. L., A. C. L., and Y. C. W.), specialized in endocrinology, validated the cases independently. By the investigators' consensus, the fracture cases were considered as true positive if the imaging report or physician medical notes documented fracture or collapse. The date of true fracture (i.e. the date of imaging report or medical notes) was recorded to evaluate if the database reflected the current condition of the patient, which is important for observational studies especially when the date of event is of concern. Taking into consideration that some cases may have had the imaging report prior to admission, by investigators consensus, we defined a case to be an incident fracture if the date of true fracture was within 30 days prior to the admission date recorded in the database. Otherwise, a prevalent fracture was considered and was not included as a true positive case in the current study. Previous imaging reports and medical notes were further reviewed to confirm the prevalent fracture. If the validation of a case was not in concordance, the three physicians discussed the cases to reach a consensus.
Statistical analysis
We summarized the patient characteristics including age and sex by fracture site and calculated the positive predictive value (PPV) as a validity of fractures diagnosis code in CDARS. PPV was defined as the number of true positives (cases identified by ICD9 with a supporting imaging report or physician note) divided by the total number of true positives and false positives (cases identified by ICD9 that did not have a supporting imaging report nor physician note).
PPV ¼
Number of true positives Number of true positives þ false positives The 95% confidence interval was estimated based on the binomial distribution. All analyses were conducted using R (version 3.0.1, www.R-project.org).
RESULTS
A total of 11 509 fracture cases were identified in CDARS. The mean age of the cases was 67 (±24), and a majority was women (61.2%). The study randomly included 380 fracture cases (101 cases for spine fracture; 81 cases for humerus fracture; 94 cases for forearm/wrist fracture; and 104 cases for hip fracture) for validation study. The majority were women (72.9%), and mean age at time of fracture was 75 (±13) years. Demographics of all fracture cases, selected cases, and cases stratified by fracture site were shown in Tables 1 and 2 .
For the total included 380 cases of major osteoporotic fractures, 368 cases were found to be true positive, resulting in a PPV of 96.8%. Reviewing the cases according to the fracture types, a PPV of 86.14% (95% CI: 79.40-92.88, Table 1 ) was estimated for vertebral fracture that accounted for 87 out of 101 cases being true positive. For fracture at other skeletal sites (humerus, forearm/wrist, and hip), all cases were assessed to be true positive resulting in a PPV of 100%.
DISCUSSION
In this validation study of the CDARS using ICD-9 codes for identifying major osteoporotic fractures, an extremely high PPV (96.8%) was estimated. For hip, humerus, and forearm/wrist fracture, the PPV was 100%, whereas a lower PPV was observed for vertebral spine fracture. Nevertheless, these results show that ICD-9 algorithm can be used as a valid method to identify cases with fragility fractures from the CDARS.
A number of studies had previously evaluated the validity of fracture identification in electronic medical records or databases. In the early 2000s, van Staa et al. validated 133 hip fracture coding in the computerized medical records of the General Practice Research Database and reported a PPV of 91% 13 . Similarly, validation studies in the physician-billing claims databases 10,14,15 also revealed high PPVs (>90%) for fractures at the hip, forearm, and forearm/wrist, despite a lower PPV being observed for fracture at the vertebra, sacrum, and coccyx (82%). 10 Together with the finding from the current study, it is generally accepted that using electronic medical database to ascertain fracture is highly accurate (PPV >90%), except for vertebral fracture.
Vertebral fracture is difficult to diagnose and often being under-reported. 16, 17 In a validation study of an administrative claims database, the database could identify "any confirmed vertebral compression fracture" with a PPV of 87%; however, the PPV was reduced to 46% if the outcome was limited to "confirmed incident vertebral compression" fracture. 18 Similarly, the PPV of vertebral fracture in the current study was 100%, such PPV was reduced to 86% if the database was used to identify incident vertebral fracture. Thus, careful study design and interpretation is required if the database is used to identify risk factor for incident vertebral fracture.
There are a few limitations in the current study. First of all, the current study cannot identify the cause of fractures, such as fall, malignancy, and trauma, as well as the risk factors associated with the fracture such as medication use. However, it is expected that the non-fragility fracture only explains small percentage of all fractures. 19 Moreover, the selected cases were generally older and had more women compared to all fracture cases identified in CDARS. In spite of this, the clinical guideline for fracture diagnosis is generally the same in different age and sex groups. Therefore, our estimates should not vary much from the total fracture cases. Furthermore, we included only inpatient cases while some fractures, particularly wrist and vertebral fractures, may not require admission. These cases may be less severe and we cannot rule out the possibility that the PPV could be different from our estimates. In addition, we only validated cases in a single hospital. Nevertheless, all public hospitals are managed by the Hong Kong HA, so it is unlikely that use of diagnosis coding varies significantly across hospitals. Besides, we did not use ICD-10, which has been widely used in some countries, in our study because CDARS is using ICD-9 for diagnosis coding. Last, this study did not evaluate the negative predictive values.
In conclusion, this study found that using ICD-9 codes to identify major osteoporotic fracture in the CDARS had an excellent PPV, thus supporting the use of the database for epidemiology research in fracture. However, cautious interpretation is required when the study focuses on incident vertebral fracture. 
